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arsenite. They are effective whether given before or after the administration
of NaAsO%. Although D-penicillamine and N-acetyl-DL-penicillamine are useful
in the treatment of poisoning by other heavy metals, they are devoid of any
protective action under these conditions.

jPart II. - A QUANTITATIVE COMPARISON OF A NUMBER OF CHELATING AGENTS - .

The LD50 of NaAsO, is 0.129 mmol/kg, sc, using white mice. The ip admin-
istration of the sodium salt of 2,3 dimercapto-l-propanesulfonic acid (DMPS)
or meso-dimercaptosuccinic acid (DMSA) (0.80 mmol/kg) immediately after and

90 min after NaAsO, increases the LD50 of NaAsO; about 4.2~ and 4.4~fold,
respectively. Neither D-penicillamine nor N-acetyl-DL-penicillamine affects
the LD50 of NaAsO; under the same conditions. The LD50 of DMPS and DMSA in
mice is 5.22 and 13.58 mmols/kg, ip, respectively. The Effective Dose 50 for
treating mice 10 min after receiving an LD100 of NaAsO; (0.15 mmol/kg) is !
0.066 mmol/kg for DMPS and 0.065 mmol/kg for DMSA. The therapeutic index of
DMSA against 0.15 mmol/kg NaAsO, is 209. This is 2.6 times greater than that *
of DMPS. The explanation for this difference is that although DMSA is as ef- i
fective as DMPS, it is less toxic. The LD50 of NaAsO; was not increased by ‘
sodium diethyldithiocarbamate, a-mercaptopropionvlglycine,
DL-N-acetylhomocysteinethiolactone or monomercaptosuccinic acid. A series of
polymercapto compounds, some having as many as four mercapto groups per :
molecule also did not protect against the lethality of NaAsOQ. There is exten- ;i
sive experimental and clinical information about DMPS and DMSA available in
the Soviet and Chinese literature where these agents are known as Unithiol or
Unitiol and succimer, respectively.- We have had many of these papers trans-
lated for the USAMRDC.

CONCLUSION - It would appear that DMPS and DMSA warrant further experimental
[studies and eventually clinical trials for the treatment of intoxication by
arsenic, especially against lewisite gas. These agents have been used in
human therapy in the Soviet Union and China. Soviet investigators and West
German investigators have recommended that it replace BAL for treatment of
heavy metal poisoning.
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SUMMARY
Purpose: to find ways to prevent vesication and poisoning caused
by arsenicals.

Major method up to this stage: Protection of mice against the

lethal effects of sodium arsenite.

Summary of results: Part I - PROTECTION OF MICE AGAINST THE LETHAL

EFFECTS OF SODIUM ARSENITE BY 2,3 DIMERCAPTO-1-PROPANE-SULFONIC ~CID
AND DIMERCAPTOSUCCINIC ACID
2,3 Dimercapto-l-propane-sulfonic acid (DMPS), was used by the
Soviets since 1956 and virtually unknown in the United States, is a water
soiuble analog of British Antilewisite. DMPS and dimercaptosuccinic
acid (DMSA) are active orally for the protection of mice against the lethal
effects of sodium arsenite. They are effective whether given before or
after the administration of NaAsO:. Although D-penicillamine and N-acetyl-
DL-penicillamine are useful in the treatment of poisoning by other heavy
metals, thev are devoid of any protective action under these conditioms.
Part II -~ A QUANTITATIVE COMPARISON OF A NUMBER OF CHELATING AGENTS
The LD50 of NaAsO: is 0.12% mmol/kg, sc, using white mice. The ip
administration of the sodium salt of 2,3 dimercapto-l—ﬁropanesulfonic acid
(DMPS) or meso-dimercaptosuccinic acid (DMSA) (0.80 mmol/kg) immediately

after and 90 min after NaAsO, increases the LD50 of NaAsO, about 4.Z-and

2
4.4-fold, respectively. Neither D-penicillamine nor N-acetyl-DL-penicill-
amine affects the LD50 of NaAsQ, under the same conditions. The LD50 of
DMPS and DMSA in mice is 5.2 and 13.58 mmols/kg, ip, respectively. The

Effective Dose 50 for treating mice 10 min after receiving an LD100 of

NaAsO, (0.15 mmol/kg) is 0.066émmol/kg for DMPS and 0.065 mmol/kg for DMSA.




The therapeutic index of DMSA against 0.15 mmol/kg NaAsO, is 209. This

is 2.6 times greater than that of DMPS. The explanation for this difference
is that although DMSA is as effective as DMPS, it is less toxic. The

LD50 of NaAsO: was not increased by sodium diethyldithiocarbamate, xz-mercap-
topropionylglycine, DI.-N- acetylhomocvsteinethiolactone or monomercapto-
succinic acid. A series of polymercapto compunds, some having as many as
four mercapto groups per molecule also did not protect against the lethality
of NaAsO:. There is extensive experimental and clinical information

about DMPS and DMSA available in the Soviet and Chinese literature where
these agents are known as Unithiol or Unitiol and succimer, respectively.

¥e have had many of these papers translated for the USAMRDC.

CONCLUSION - It would appear that DMPS and DMSA warrant further
experimental studies and eventually clinical trials for the treatment of
intoxication by arsenic, especially against lewisite gas. These agents
have been used in human therapy in the Soviet Union and China. Soviet
investigators and West German investigators have recommended that it

replace BAL for t-eatment of heavy metal poisoning.




FOREWORD

In conducting the research described in this report, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals," prepared
b+ the Committee on Care and Use of Laboratory Animals of the Institute of |
Laboratory Animal Resources, National Research Council (DHEW Publication
No. (NIH) 78-23, Revised 1978).

Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of

the products or services of these organizations.
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L[ATRIDUCTION

\ nunba2r of m2tal binding agants nave been available in tha2 past for
th2 treatmneat of hesvy n2tal intoxication. For 2xampla, diaz2rcaprol (3iL)
(1), polyaminocarboxylic acids (2), D=-penicillamine (3), and
N=3catyl-OL-penicillanine (4) are used for th2 treatment of hunans
intoxicated by arsenic (5), lz2ad (%), copgar (3), marcury (7), or othar
heavy n2tals. 3ome of thasa drugs, howaver, are far from ideal., 3inz2
1943 in th2 Y.3., 3AL has ranained th2 druz of choice for th2 treatment of
arsanic poisoning (5), but it has many disadvantages., [t is aot affa2ctive
2y mouta; its injaction, im, 1s painful; and toxic reactions to it are aot
unzonmon. In tha case of the polyaminocarboxylic acids, most of tham ara
ineffactive wnen ziven by aouth. D-penicillamine has be2en lifs saviaz in
th2 tra2atment of tha inharitad disordar hepatolenticular dezeaneration (3).
After 2 aumder of years of clinical usea, however, it is now 2vident that
D-penicillamine exhibits sarious na2pnrotoxic signs in some patiants (43).
Thus, there still ranains a anz22d for nor2 spacific, less toxic, orally
active natal biading agzents for use in 2xperimental and clinical situations
a8 Well as against arsanic containing chamical warfare agants.

Razcently, in Western Europz and the United States, thare has been 2a
reiiscovery of and an increasing interest in th2 sodium s3lt of 2,3
iinercapto-1-propanasulfonic acid (DitP3), 3 watar soluble anilog of th2
lipid soluble BAL. Tha syanthesis and metal binding activity of this
sompound have been reportei by Patrunkin (9) in the Soviet Union. Since
then, the activity of DMPS in treating intoxication by a number of
diffarent h2avy netals has been raportzd, extensively, in the Soviat,

Eastern European., and Cainese literature, It has Ye2n shown to bDe




2ffective in hunaas #h2n given egithar by mouth, injection, or azrosol (1J).

It 1as H2en claimad to b2 an efficiant antijote azainst marcury (1),11,12),
arsenic {(13), cobalt (14), orzanic lead (15), polonium (16), chromium (17),
silver (13), aad copper (19).

O0'1P3 was unavailable in tha dest until i%ts racent production by Heyl
and Co. Its recant availability a13s e2ncouragad investizators in Wast
32rwany, Norway and the U.3. Lo study the drug with r2newed inta2rest. Tnz2
stulias by Soviet investizators have de2n confirmed and extanded in tha
23s2 of nmercury (27,21,22), arsenic (23), and cadaium (2%)., A
sharmacokinatic study of this dim2rzsapio compound has hean report2d dy
Xlinova (25) ani Gabard (25). The lattar papar d2als wWith tha absorption
and distrioution of this water solublz 3AL analoz. In addition, the
axtracellular distribution of DH4PS is denonstratad.

Another water soluble analog of BAL, .seso-dimercaptosuccinic acid
(OMSA) was first us2d ia 1954 to incr2asa th2 uptake of antimony ia
schistosomiasis tharapy (27). Tn2 first raport of its use to traat
occupational intoxication by netals was from Pa2king and Snanghai in 1955 by
Shih-Caun 2t al. (23). They reportad that, in humans, D4SA was 1s
affactive as Ca EDTA in thz tr2atment of occupational lead poisoning and as
affactive as DMPS in the treatment of occupational mercury poisoning,
judged by incr2asas in the urinary axcretion of the offending netal. Its
use in mica for acute and prophylatic treatment of arsenic poisoning was
reported from Sverdlovsk by Okonishnikova (29%) in 1955. Tha affectivaness
of DMSA for treatment of mercury or lead intoxication has been confirmed
ani extended by a nunmber of groups (39,31,32) as it has for arsanic
(23,33), and for cadmium or zine (34). Pharmacokinatic studias of 3535-D43A

in the rat have bean reportad by onishnikova and Niranburg (35) in 1974.
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In tha2 prasent paper, the ralative 2ffacctiveness of 3 aumdar of netal

biniing azents, with partiszular anphasis on DJMPS and D4SA, ar2 2valuata]
Janntitatively by datermining their activity in cnanging the LD3J of RELER
ia nice, The therapautic index of DMP3 and DI31 has been ijetarminad. In
addition, a3 aunoar of othar mercapto compounds, including a serias of
polynerzapto agents, aave been tasted for their activity in protecting aice

332inst th2 lethal 2ffacts of Nads),.

AATERTALS AND 4ETHOD3 FIR PART I

D1P3, O21SA, 3AL, 3nd N-acetyl-DL-p2nicillanine wera purchasa2d fron
Aldrich Chamical Co. DHP3 was abtainad also fron Hayl % Co., .Jest 3a2rlin.
D-penicillamine was a zift of Eli Lilly % Co. !AC%3 R2agzent 3Srade sodiun
rsanita was usad.

Aale albino nice of tha TEX: (IZR) strain wer2 purchasaed from tn2
Tinco Bra22ding Labhs, Houston, TX., Jh2n used in th2 expariments, thzy
42ighad approximately 25-30 g. Food (Wayne Lab-8lox) and tap w~ater ware
available ad libitum., However, if the ch2lating agent was to be gziven
orally, the animnals were fastad for the pravious 12 hours. The aninals
42re naintainel at 22°C with 12 hours of alternating light and iark. Tha
anount of MaAst injected was 23qual to th2 approximate LD,,,. Taz
concantration of the NaAstsolution was such that a3 25-g nouse racaivad
3.050 ml. The water soluble thiol compounis wera dissolved in J.3% saline
immediately before use and the solutions were adjusted to pH 5.5. BAL was
1issolvad in corn oil. The concantration of thz thiol solutions was such
that a 25-g mouse recz2ivei 0,10 ml by the intraperitoneal or oral routa.

For oral adainistration, curvaed 18 zauge oral f2eding neadles, purzhased

&

oy

B Y




ot sy gt

fron Popper % Sons, V2w dyde Park, H.Y., #2r2 us2ad., Th2 axperinznts w2rz

J2rformel on 1iff2rant iays, «ith 1iffarant bHatzhas of animals, £o confirm

ani axtand the r2s5ults of pravious 2xpariments.

MATSRIALS AND METHID3 FOR PART II

Animals. Mala nice of tha Swiss CDL strain (randombred Albino) wW2re
Jbtainad from Charlas River Mouse Farns, Inc. AL th2 time thay ware usel
in the axperimants, they wWw2ighed approximately 25-30z. Food (Waynz
Lab-3lox) 3ni tap water were available 3ad libpitum. Th2 animals ware
naintained in 3an air conditionad facility with 12 ars of altarnating lizht
ani dark. Thay wWare obsarved and k2pt for 14 days aftar tha HaAth
injaction.

Chemicals., DYPS in the form of its Na salt w~as 3 3ift of dayl and
Co., Berlin. 3inc2 2ach moleculz of JaD¥PS has 3 wolecule of LD
33sociated with it, a3 nolecular weizht of 223.2 was us2d in mol
calculations. D43A and l-acetyl-DL-panicillaminz wera purchasei from
Aldrich Chamical Co., Milwaukee, W4I. D-penicillamin2 was a 3ift of Lilly
A2s2arch Canter, Lt1., Jindleshan, Surray. DL-thioctic acid ani
aonomercaptosuccinic azid were purchased from Cal 3iocham., Tae
polymarcapto compounds listed in Tabheg:uere jonatad Yy th2 Evans

Chanstrics, J. R. Grace % Co., Darizan, CT.

Biological studies. The LDSO of NaAsO, was determined by injecting,

3¢, various amouants of NaAsO2 3issdolved in 0.9% salinz. Tha2 concantrations
of the solutions were prepared 3o that a 25g animal would receive J.050 ml.
To determine the effa2ctivenaess of a compound in protecting against the

lethal affacts of NaAst, the influenze of th2 adninistration, ip, of that

-
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compound o1 tha LDSJ of NaA3d, 4as determined. Solutions of the aerzapuo
coapounis w~2re pra2parad iqamadiately dSafore us2 in 3,33 salina2, 3djustal? =9
pd 5.5 using ¥adH and th2 concantration adjustad s0 that 2 25g no0u32 WHulld
rac2ive J.10 ml, DL-tniotic 23cid was Jissolved using 3 10% a2xc2s8s of 31 53,
freshly oraspared soluation of N3aHCO;. Ta2 solution was than srought to
volun2 with 0.3% saline., Injections ware nade using a J.25m1 glass syring2
4ith 3 Mo, 25 ne2dl2 of 1/2 inzh lanzth.

Statistical analysis. Exparimental resulis werz analyzed using

Juaantal ra2sponse nethodolozy. 1A lozistic rezrassion nodel was us2d to fit
th2 axperimental 3ata ind parameters wer2 astimated usinz thz2 3MDP sroiran
oackaz2 of Dixon and Srown (35) on a CDC Clybar 175 dizi<al computer.
124ian 2ffactiva 1os2 and corrasponding 333 zoafijsnce intarvals wara

2stinacad followiag Finnay (37).

RESULT3 - PART I

done of th2 nicz injectzd with NaAs0, and salina survivad (Tadl: 1).
Th2 deaths occurr2d within 43 nours aftar arsanic aiministration., CHMPS aad
453 were found to 22 potaent prot2ctive agents azainst the la2thal aztion of
3odiun arsanits (Tablas 1) whan 2ithsr agent is ziven intraperitoneally
innadiataly aftar NaAsOZ. dowaver, two otnar well-xnown, medically usaful
ch21l3ting agents, D-penicillamine and N-acatyl-DdlL-p2nicillamnine, 42 12t
protact (Tabl.: () under th2se conditions. Tﬁe rasults with thes2 two
3ul fhydryl compounds ares unexpected sinc2 thare have besn thres raports of
th2 usefulness of peniczillamine in the tharapy of arsanic poisoning of
hunans (33,3%,42). Howaver, the clinical reports w2r2 basz2d on syaptonatie

raliaf. OCbOjactive critsria were lacking. ‘lon2 of tha2 natal Hindiag azaass

-10-




list23 ia Tidl2 1 i35 coxio, intividually, at thas2 Jos2s, uader a2
22aditions of ta2 presant axparimants (Tabhl2 1),

In ajdition, ~2 hav2 iata2rminad taat 21P3 or D437 need not H2 3ivaa
innadiately aftar Nadsd . Thz adnianistracion of 2i%h2r sa2 of n2
sompounis can b2 felayad a3t l=2ast 2 1ours 3nd still b2 2ffa2stive (Taple 2).
Jf 2ven Zra2atar inpor<ance for any tn2rapautic or propaylactizs potantial i3
tnag DA4P3S or D13A is z2ffactive aven Wn2n 3iven orally and prior to tna
3dninistration of th2 arsenic compound (Tablz 3). Uader taz prasant
axperinantal coniitions, thay are affactive as oral propaylactics azainst

airsz2niz intoxication.

AESULTS « PA3T II

3PS or IMSA increase tine LDS5) of Nalsd, . Ths LD5D of sudcuianzously

aininistared HaAst “3as found to be J.132 32d 2.127 mmol/kz in twWo saparate
axparinents (Tabla 4), Jaan the Jata of tn2 two 2xparimants ~2r2 coabinad
and u324 to determinz2 the L350, it was found to H2 J.123 anol/k3. Taz
qurve i3 remarkably steap, havinz a slopz of 40.75, if the proportion
survival vs 1os2 nod2l is us24. Ta2 animals that did not survive usually
died within tnree days after inj2ction., .M2n two ip injections of DIP3
(3.32 mmols DP3/k3/injection) are given, on2 iamadiataly following and ta2
sthar 30 ain aftar the NaAsOZ. tns LD5J of NaAst i3 incraasad
approximately 4,2-fold to J2.533 mmol/kz (Table 5). Undar th2 sane
conditions, but using DSA instead of D4PS, the LD5J of NaAsCE is ingreased
about 4,4-fold to 7,573 mmol/kg (Tavdle 5). Th2 inzrease with D1SA is only
about 5% mora than when DIUPS is ziven., Sinz2 th2 L3597 of N3A532 olus DAP3

falls within tha2 confidenz2 interval of th2 LD5J of HaAsoz olus D134, it

“11-




39923rs that th? aff22t of D24P3 3and 21431 o2a th2 LI30 of H:AsOZ is
2s3amtially %na2 s3ane uni2r thas2 2xperimancal zoniicions.

IS w3s 1132 of iantarest %o iatermin2 a3nd 201par2 tn2 tn2rapautiz inlax
3¢ DA4PS ani DA4SA, T2 tharapeutic index uander tnase sonditions was
detarainal by dividinz th2 LD3) of %h2 diq2reapto zonmpound by its EDSI.

T2 lattar value is defined as th2 anount of dimerzapto zompouni (mmol/k3)
protacting 333 of tha2 aninals against thz2 lathal effacts of 2,15 anol 13&532
/<3. Tais Jdosz2 of Y3aAsd, , shan givea, kills 1009 of :h? aninals in tais
labor3tory. Th2 LD5J of J{P3, ~a2n 3ziven ip, w#a3 found to be 5.22 amols/«}3
(I‘zble%). For DISA, ta2 LD3D is 13.53 amols/k3y (Tabla '[.\,). W21 nica2 war2
3ivan Ha\saz (3.15 mmol/%3z) 32 3nd 10 ain latar wer2 tr2ata2d, ip, wita
1iffarant amounts of DYP3, Sh2 ED53 was found to5 b2 J.055 amol/k3 (Table
8). Taz =D5) uader thas2 conditions for 9131 vas 2.055 mmol/%z. Tae
tharapautic index for DMPS or 2131 yader thasa2 conditions was 73 and 203,
raspactively. .Mh2n the DYP3S or D15\ w4as ziven 35 nin aftar the HzAsOZ. a2
th2rapautic index was found to 92 35 and 115, respactively,

Jtaer nercapto compounds. Othar natal bSinding agzants wer2 also testad

for thzir activity in protecting 3gazinst th2 la2thal 2ff2cts of d1As0,.
N2ither D-p2n 20r N-Ac-OL-P2n changes tha LD5J of HaAsd, siznificantly at
the 35% lavel of significance (Tadble f). OJthar agzents (data not shown)
that ware 3130 fouad to be ina2ffactive in this raspact ara th2 sodium salt
of diathyldithiocarbanata, of-narcaptopropionylzlycina,
bL—H-acetylhomocysteinethiolactone. and monomercaptosuccinic acid.

In zeneral, it has baz2n acceptad that a compound with significant
antidotal action for arsenic toxicity should have 2 thiol zroups. A s2ries
of.polymercapto comnpounis 1aving from 2 %o U4 marcapto Iroups par moleczulea

have de2n obtained and tasta2d for protecting mice azainst NadsO,. Non2 of

e e a— ——laZ s o caben




th2 7 »oly:hiol conpounis (Tadlz2 10)war2 activa ia protacting nize 3gainst

an aporoxinace LD1230 of 13A302.
JISCU33Id

Th2 assay of agents that 5ind anid/or nobiliz2 h2avy a2tals zan bde
23821 on 3 aunder of Jiff2rent m23asuridbls raspons2s. Ta2 dasis >f one typ?
of assay is th2 prevention or reversal of tha lethal or toxis 2ffacts of
th2 particular n2avy n2tal. 1 32cond 3ssay is pas2d on th2 incra2ased
axsretion of tha astal dy the putativa netal dinding agent. Tazsr2 i3,
Nowever, ingr2asing avidanca that supporets still anothar n22hanisa.

Nanely, 1 netal binding agent somatiwes forms an insoluble
natabolically-inart complex with th2 netal. Th2 conplax, because of its
insolubility, is not axcretad from the dody. It remains in tha 2ell,
matabolically=-inart and non-toxic. Tazreforz2, it is possidlae thiat somn2
natal binding azent night Se 1lif2 saving without insr2asing thz axcretion
of th2 netal. This mechanism has be22n proposed by Catsch and Harauth-Yoana2
(41) to e2xplain tha 2ffactiveness of N-acatyl-DL-panicillamina., Ffor thasa2
reasons we chose, a3 th2 basis of the assay usad in tha prasaat work, tae
prevantion of tha2 lethal action of HaAst. Eventually 31 jJantitative
eomparison will be nadz of th2sa agents as to tha2ir influ2nca on tha
axcretion of THis.

Tna2 r2sults of the 2xparinents ra2ported in this paper clearly 3n0+ tha2
benefizcial effacts of DMP3 and DM3A in protecting against the lethal
affacts of NadsQ, . Either compound incresasas >y about fourfoll the LD50 of
NaAsOZ(Table 2). Ta= ED5) of tha two dimercapto zoapounds i3 approxinataly
the same whan 3ivea 13 min after NaA3d, (Table8 ). A jefinite 3iffarancze

axists, howaver, b2twWean the LD5J of 5,22 mmols/k3y for D4P3 anid
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13.53am0ols/ky for 2134 (Tables 3 and 4). Tais is th2 r=2ason that th2

thzrapautic index for D431 i3 adout 2.5 tinas gr=2atar than that for 271P3
aadar thes2 conditions (Table 5). Th2 thearapeutic index of =2ithar J14P3 or
2434, 7) ani 273, raspactivaly, uniar thas2 conditions, nowaver, i3 a0t
3nall. It is conceivabla that the th2rapeutic index might o2 even zgraatar
if snaller Jjos23 ware 3iven nors frequantly. Th2 EDSD of DAPS ziven 10
ain or 35 mian after NJASOZ ir2 2ss2ntially similar to 2ach other as w~211 as
Daing 3imila} to th2 2053 of 214SA administered 1J min after HaAsO&. All of
thes2 Jiffarad fron the ED3D of D1SA ziven 35 min aftar NaAst indizating
tnat th2 pnarmacokinetic propertias of DISA nust differ fron thosa of DAP3.

Jaile an 2xcallant axtansive toxiczolozical study o>f DMP3 in rats aas
32en raportad by Planas-3oanz 2t al. (42), 42 are not awars of published
werk 12aliang with tha toxicolozy properties of D41SA. Suczh work Jould bde of
furthar valu2 in comparing the 2fficiancy of thase two usaful dimercapto
2ompounds.,

¥2 1ava not studied BAL under th2se san2 conditions since it is lipid
soluble while DMPS and DMSA ar2 watar soludle. Howaver, BAL is
approximataly 7 times mora toxic than DAPS ani 19 tines nor2 toxic than
DM3A, »as23 on th2 3AL LD5J of J3.725 mmol/%kZ, ip (%43) ani th2 data of this
paper (Tables 6 and 7). Also, Hauser and Wz2zer (44) have estimated BAL to
Ye ahout 15 tinas mor2 toxic than DUP3 wWh2n 2ach was Zivan im to nice.
Thay have 2also studied tha influance of 3AL and DMPS on tha trezataent of
arsenic poisoning in mice.

It is of interest to nota that the LD5J of DIPS, ip, in mnice, as
raportad in tnis paper (Table 6) is 5.22 mmols/kg and is comparabla to the
valu2 of 35,57 mmols/kz obtainai by XKostyzov (45) ani 5.02 mmols/kz, ip, ia

rats, 13 raportad ra2cantly Yy Planas-3ohn2 at al. (42).

-14-
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The D433 L252, ip, in aica was fouad td 52 13.53 mmols/«3 (Tidla A)

114 20mparas favoradly w~ita 12,1 anols/%z, ip, founi in aic2 oy 3aia=Chua

a3t al. (23) in 3aaaghai and Paking and 14.0 nmols/k3 Jd2tarmin2d oy 1atsuia

]

{(13) ia Japaa., Aa LO3J in 2xc2ss of 14.3 1mols/kg ni33 22en r2portad Oy
Frixdnein and Corvi {37). It is not zla2ar wa2ch2r this latter anigh2r valua
is dua to a 1ifferance in the nouse strains used or is Jdue to a nizhar
purity of D3A,

It i3 partinant to point out that the neso form of D13\ has d22a usad
in tha presant study ani in qost of tha pudlishal! raports concerning 21431\,
Tha2r2 is, 1owaver, ona 2xca2ption. DL-D'SA has 922n ra2portzi %0 %2 nora
jztiva than neso-0'1S) in c3using a0 in2rz2as2 in tha axer2tion of 2033,
11531. aad 892a anen 3ivan %o nale rat3 challangad by thasa nz2cals (34).

In conclusion, D'1SA and DMP3 ar2 vary 2ff2ctiv2 agza2ats for protacting
niz2 azainst th2 lethal 2ffa2cts of NaAsd,. Limitad pudlisnz2d raports from
tha 3oviat Union ani nainland Chaina have 1=2alt w4ith tha2ir 2ffactiveness in
aumiIns intoxizatad by 12avy n2tals. D3\ has racantly Sa2n 3a0Wm DOy
dastarn investigators Lo be 2ffactive in tr2atinz lead intoxication of
hunans (43). Further numan studies of tha2s2 two Jdinercapto 20npounis is 2ot
unr2asonadle and should b2 2ncourazed.

Th2se azants should be testad axp3rinentally as antidotas for lawisitz

poisoning which our 3roup is now planning with th2 Sardiean 3L,

-15-
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Table 1. Protection by DMPS and other thiols against the lethal effects of

sodium arsenite. The NaAsO, (0.14 mmoles/kg) was injected subcutaneously
in the right rear leg. The chelating agent was administered ip immediately
after the NaAsQO,. The chelating agents at these doses were not toxic, per
se, as shown by the following data. When saline instead of NaAs(O, was
given, there was 100% survival of animals receiving the following compounds
(mmoles/kg) ip: DMPS (0.80); BAL (0.25); DMSA (0.25); D-Pen (0.80);
N~Ac-DL-Pen (0.80). There were at least 12 animals in each group.

Thiol Cumulative 2l1-day survival

Compound No. surviving/No. started
(mmoles/kg) Exp ~EXp EXp Exp Survival

ip I II 111 v b4

(Saline) 0/12 0/12 0/12 0/12 0

0.80 DMPS 12/12 8/8 12/12 100 !
0.40 DMPS 12/12 100 .
0.25 DMPS 12/12 12/12 100 i?
0.14 DMPS 12/12 9/12 87.5 P
0.07 DMPS 8/12 11/12 79

1

0.25 BAL 11/12 11/12 92 g
0.14 BAL 1/12 1/12 8 l
0.25 DMSA 12/12 12/12 100 ’
0.14 DMSA 12/12 8/12 83 i
0.07 DMSA 6/12 10/12 67

0.80 D-Pen 0/12 0

0.25 D-Pen 0/12 0 i
0.80 N-Ac-DL-Pen 0/12 0 1
0.25 N-Ac-DL-Pen 0/12 0]
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Table 2. Experimental therapy with DMPS or DMSA can be delayed after
arsenic poisoning. All animals received NaAsO; (0.14 mmoles/kg)
subcutaneously in the right rear leg. DMPS and DMSA were given ip. At the
start of the experiment, when NaAsO, was given, there were 10 animals in
each group. However, in three of the experimental groups, one animal died
before DMPS or DMSA was administered. Therefore, those groups are listed
with 9 instead of 10 started.

Dithiol and time Cumulative 21-day survival Survival
after NaAs0O, it No. surviving/No. started u y
was given Exp I Exp II ¥
(Saline) 0/10 0/10 0
0.25 DMPS
at 60 min 9/10 7/9 84
at 90 min 9/10 9/9 95
at 120 min 8/10 9/10 85
0.25 DMSA
at 60 min 7/9 8/10 79
at 90 min 9/10 10/10 95
at 120 min 5/10 6/10 55




Table 3. Prophvlactic and oral activity of DMPS or DMSA. The NaAst

(0.14 mmoles/kg) was administered subcutaneously in the right rear leg.
DMPS or DMSA was given orally fifteen minutes prior to the NaAsO;. The
survival of control animals receiving 1.0 mmoles of DMPS per kg and saline,
instead of NaAs0O,, was 100%.

Thiol Cumulative 21-day survival

Compound No. surviving/No. started Survival
(mmoles/kg) Exp 1 Exp 2 Exp 3 %

oral
(saline) 0/8 0/10 0/10 0
1.0 DMPS 8/8 8/10 89
0.75 DMPS 8/10 80
0.50 DMPS 6/10 10/10 80
0.25 DMPS 10/10 7/10 85
0.12 DMPS 0/10 0
1.0 DMSA 8/8 100
0.50 DMSA 10/10 100
0.25 DMSA 8/10 80
0.12 DMSA 4/10 40
-18-
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TA3LZ 4 ]

LD53 JF 3J2D0IUA AR3IENITE IN THE “0U3Z

¥3aAs) Sxp, 1 Exp. 2 Summation
(mmol/kz,.s2) Je2ad Dead D2ad
Startad Started Startad 1
?% 3,03 3/3 -— 3/3 }4
| 2.9 373 —- 33 ;
. 3.10 /3 . 3712 3/29
% .1 3/3 — /3
; .12 1/3 2712 3729 i
| J.13 373 17/12 13720 ]
J.14 773 12712 13/23 ?
J.18 — 12712 12712 4

LD5) (mmol/%3) 7.1315 J.1274 2.1232
353 Zonflilenze (3.122,0.250) (2.032,0.131) (2.125,2.139)

Interval

2 In sudsequent tablas =f this papar, th2 Jata rapresant the combinad rasults

af a3 aunber of s2parat2 axperimants. Tha2 conbinad r2sults were usei to

calculata th2 LD5J listed in the tables, This has heen don2 to tak2 aivantaga

of the larger number of animals, resulting from combination of th2 data, for
calsulation of median doses and statistical avaluation of data. In additiosn, it

also saval space in this paper. Th2 r2ason f2r the number of animals in sone

groups differing from the aumbar in othar groups in the same table is that very

9ftan tha combined jata are the rasult of from 2-4 saparata2 2axpariments in wiich
diffareat nunbers of aninals w2re usei in each axperinent. Oth2rwise, the

axparinants were parformed undar {dentical conditions.
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2,3 DTIEICAPTI-1-2R0PANT 3SULFINATE IR ME32-DIMERCAPTISUCICINIC

ACID INCREASES THE LD50 JF 30DIUA ARSENITE

21Ps ok BY:
13430,
(mnol/kg,32) Dead Daad
3tarted Startad
3.35 3712 2/24
J.49 5/24% 3724
J.45 /12 3735
.43 2/12 ———
3.32 3724 3/24
3.55 13724 11/35
2.52 13724 15/36
2.55 — 19/12
E 0.79 23/24 33/35%
] 2.75 — 12712
LD50 (mmol/k3) 2.538 2.573
]
253 Confidence (0.432,0.593) (J.443,2.72)
Intarval
apyPsS or DMSA, 3.32 mmol/%3, was given, ip, immnediataly aftar ani JJ nins
aftar NadsO,.




TA3LE 3

L33 JF DIMERCAPTIPROPANESULFONATE IN MICE

24P3 Dead
(mmols/kz,ip) Startad ;
3.3 /3 "
4.9 /3 |

5.0 716

5.5 5/3
5.9 7/3 |
5.5 15/1% 5
7.9 3/3 .‘ .
3.9 3/3 3
LD50 (mmols/k1) 5.22 ;
)54 Confilenca (4,35, 5.51) i
Intarval )

[——




TASLE 7

L3523 JF ME3D-DIAZRCAPTIIUSCINIC ACID IN ICZ

434 Jead
(nmols/k3, ip) Startad :
5.0 /32 *
12.0 3/32
13.2 5/12 3
14,9 3712 ,
15.2 13/24 i
13.0 17/29
24,0 32/32 i
LD39 (mmols/kg) 13.53 .
35% Zonfidence 11.35,15.22 g

Intarval i




[ABLE 3

DEITERMINATION JF THE 2052 AND THERAPIUTIC INOTX OF -
2, 3=-DTIERCAPTI-1-PRJPANZ 3SULFINIC ACID, d33ALT, AND '
AE32-DTAERCAPTISUCSCINICZ ACID UHEN 3IVEW 12 4INUTZS OR

35 MILUYTES AFTER 0.15 1MOLS NaAsO, /XS

PRV

Dimarcapto Di4P3 D1SA JAPS D4SA
Azent +12 min +10 nin +35 ain +35 ain
(mmol/kg, ip) nunber surviving/nunber startad P
2.912 — /24 — /12
7.915 3735 ——— 3735 —— _
7.932 1735 3/24 7/35 1739 :
3.749 —— 5/24 —_— —
7.045 5/24 3724 — 3
7.952 — 10/24 —_ _— i
: 7,282 5/24 13724 13/24 5/39
. 2.3575 15/24 —— — — .
¥ 2.973 — 3723 — ——— O
K 3.075 21/24 —— 15/24 — ;
i 3.097 —_ 13724 — 3/12 ,
' 3.092 23/2% —— 15/24 3/19 .
: 2.133 — — o 15/23 ‘4
i 1.1353 31/35 — 39/35 — H
3.122 35/36 —— 34/35 3712 ?
3.125 — 21/24 — Co137 14
0.150 —— — — 21/32 ]
2.153 — —— — 5/30 ’
‘ 3.299 —— — ———— 37745 ,
P .30 — e — 35/33 4
ZDS)  (mmol/%3) J.065 3.065 3.361 2.113 ‘
Canfidence (0.959- (2.0490- (3.043- (3.071- !.
Intarval 2.072) 0.03%) 3.972) 2.154) _
Tharapautic |
Index 73 299 35 115 Q;
b
l
{3
¢

~23-




L
TABLZ 9
3
IZITHIR D-PIZUICILLAMINT 4OR H=ACETYL-OL-PTICILLALIE
[ICRAEA3ZES THE LD33 37 322IU.t ARSENITE? "
nonz J=P2an Nedc=OL=P2n :
H3Asy, J2ad Jaad D2ad 1
: (nnols/xy, sc) 3tartad Startaed Startai
.10 /12 2/3 3/3
J.12 2/12 573 -1/3
J. 13 7/12 /3 573
J. 14 12712 373 /3
2.15 12/12 3/ 3/3
3.29 — 3/3 373 f
* 1
L2532 (amol/k3) 2.127 2.113 J.133
5% Zonfidenza (2.332,0.131) (2.273,3.131) (2.034,0.142)
intarvial
Zombinad LD3) (mmol/k3) 2.12% Ii
35% loafijence (2.1171,3.1313) {
Intarval ,

D-pen or ‘l-Az-JL-p2n (J.30 wmols/ki) was zivan, ip, imnediataly followsing aad .
at 30 min aftar th2 netal binding azent. '
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POLITHIDL S24P2U093 THAT D2 DT PROTECZT ASAINST THI LITHAL IFFICfTS
ST O0.14 ML 32DIUY ARSENITE PIR (5B

Sulfayiryl Compound Chemical 3tructura 32
T2stad famol/sx3)
2antaarytnritol < 4 33””1 =31), 3.37

tatrataiozlycolata

Trimathylol propine Sy SH, 2(CH, 390 CH, -34), 3.52
srithioszlyasolate .

3iysol din2roapto- Wavﬁﬁ:ida.dq-oi 2.325
Sropionata izuaa-vdz.nn-oi

317351 dimaroapto- 12;JOC:H2-31 J.32
acauata 4 CD2CTH, <54

Irin2tnylolethana Sy CH:,]DCCH:-S%)3 J.32
trithiogly=olate

Pantazrythritol tatra- 234, 20C20H, 34, -314), .33
{2=-marzaptopropisaata)

Trinathylopropanz tri- S3 3, 3( 2, 23C3H, T, S35 3.33
{2=m2rzaptopropionata)

agach polytniol compouni was 1issolvad ian p2anut oil ani administarai ip
at th2 Jjose indicatad, naAqu #as Iiven sc. The2 nortality of aninals ra-
c2iving Nais?, (3.4 mmol/kz) plus p2anut oil or HzAsOZ 2lus th2 indisatad
thiol compount was 100%. Taz2r2 was 3% mortality for aninals r2c2iving aay
2a2 2f th2 sulflydryl conpounds at the 1082 stipulatzd oput ia taz 3v3s2:nz2

of NaAst. Tasrz2 war2 3 mic2 par zrouo.
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DMPS

DMSA

BAL

C-pen

N-Ac-DL-Pen

Abbreviations:

GLOSSARY

2,3 dimercapto-1l-propane-sulfonic acid, Na salt
dimercaptosuccinic acid

British Antilewisite or 2,3-dimercaptopropanol
D-penicillamine

N-acetyl-DL-penicillamine
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